Dose-response study with N-nitrosomorpholine in drinking water of F-344 rats.
A dose-response study in carcinogenesis was carried out with N-nitrosomorpholine in female F344 rats. The compound was administered in drinking water, which was supplied in controlled amounts of 20 ml per day per rat, 5 days a wk. At the two highest dose rates, 100 mg/liter and 40 mg/liter, treatment lasted 25 and 40 wk, respectively. At the other dose rates, which differed by a factor of 2.5, treatment lasted 50 or 100 wk. The average total dose received by each rat ranged from 250 mg to 0.7 mg. There were 100 animals per group at the lowest dose rates and 24 animals per group at the highest dose rates. Total doses of nitrosomorpholine above approximately 30 mg per rat caused a statistically significant decrease in survival, but at lower doses survival was similar to that of untreated controls. In nearly all of the treated groups there was a statistically significant increase in the incidence of benign or malignant hepatocellular neoplasms, with a highly significant dose-related trend. At the higher doses there was a significant incidence of hemangiosarcomas of the liver. Both hepatocellular carcinomas and hemangiosarcomas metastasized to the lungs and other organs. At the highest doses there was a significant incidence of neoplasms of the tongue and esophagus, which were rarely seen at the lower doses. The results suggest that even the lowest dose of nitrosomorpholine received by the rats, 0.7 mg or approximately 3 mg/kg body weight, was not a no-effect dose during the 2-yr lifetime of a rat. Probit analysis of the results indicate a dose estimated to cause tumors in 50% of the population of 25 mg nitrosomorpholine for liver neoplasms.